Background Hand eczema has a high incidence and prevalence and has a negative impact on both physical and psychological well-being, with the risk of persistence as a chronic condition. Epidemiological studies on hand eczema provided mainly descriptive and risk analyses, but pattern analyses of variables associated with hand eczema, in particular chronic hand eczema, have not been explored to date. Objectives To investigate and display the semantics of associations between variables of hand eczema obtained from the Swiss and German registries of chronic hand eczema (CARPE) to dissect patterns and novel links. Methods This was a cross-sectional study on selected variables from the CARPE registries. Associations between variables were analysed by means of an autoassociative system. A semantic connectivity map was generated by using a maximum spanning tree algorithm. Results Baseline datasets of 1466 patients with chronic hand eczema (Switzerland: 199; Germany: 1267) were analysed. Occupational exposure had the highest impact in the total and country cohorts. We identified two areas of exposure linked to corresponding occupations that clearly demarcated the sexes. Conclusions This study, using semantic connectivity as a novel method of data analysis, reveals the complexity of features characterizing chronic hand eczema as well as novel association patterns that deserve further investigation.
In recent years, hand eczema has gained increasing attention because of its high incidence and prevalence, its impact on both physical and psychological well-being, negative socioeconomic consequences and novel therapeutic options. 1, 2 Up to 68% of patients with hand eczema develop chronic hand eczema, 3 an observation highlighting the risk of hand eczema becoming a chronic health problem. In a European multicentre study, 52% of cases of hand eczema were related to occupational exposure. 4 Occupational skin diseases (OSDs) account for 17% of occupational diseases in Switzerland (www.suva.ch) and 31% in Germany (http://www.dguv.de). An increased risk for developing hand eczema has been identified in individuals working in health care, cleaning, the food industry, and as hairdressers, construction and metal-processing workers. [5] [6] [7] [8] [9] [10] [11] [12] The spectrum of these high-risk occupations points to external hazards, such as wet work, mechanical stress and exposure to chemicals and allergens. 10 Both irritant and allergic contact dermatitis have been considered as main and interacting mechanisms causing hand eczema. 13, 14 Moreover, childhood eczema and a history of atopy, especially in younger individuals, have been identified as risk factors for hand eczema. 15 Hand eczema has been classified according to aetiological and morphological criteria. 4, 13 However, aetiology was not associated with clinical subtypes of hand eczema. 16 Chronic hand eczema has been shown to impair working ability in up to 37% of affected patients and entail job change or loss in 5-15%. 17, 18 Furthermore, quality of life was significantly decreased in patients with hand eczema, correlating with disease severity. [17] [18] [19] Thus, unravelling the causative factors and risks of hand eczema, in particular chronic hand eczema, is important in order to improve our understanding and to optimize the management of hand eczema as well as to develop prevention strategies. Recently, the Swiss and German CARPE (chronic hand eczema registry on long-term patient management) registries provided novel information on chronic hand eczema. 17, 18 However, these previous analyses were mainly descriptive or focused on selected risk factors, and thus might not fully reflect the complexity of causes, triggers and consequences of chronic hand eczema. To overcome this gap, we investigated the associations between variables (semantics). Here, we present a semantic connectivity map that was generated by using a maximum spanning tree algorithm. This map displays the best connections among variables based on their maximal reciprocal adjusted correlation.
Patients and methods

CARPE was initiated in 2009 in Germany and in 2011 in
Switzerland as a prospective patient cohort study recruiting patients with chronic hand eczema over a follow-up period of 2 years. 17, 18 The study was approved by the local ethics committees. All the patients gave written informed consent prior to enrolment. Here, data from the German and Swiss cohorts that were obtained at the time of enrolment (baseline visit) are analysed.
Patients
Patients with hand eczema were eligible to participate in the CARPE study if they met the following criteria: (i) disease duration of at least 3 months or more than two flares within the past 12 months; (ii) recent treatment with topical corticosteroids for hand eczema; (iii) failure to achieve long-term improvement despite adequate topical therapy; and (iv) exclusion of other active severe skin diseases or acute skin infections interfering with the diagnosis of chronic hand eczema.
Data
For the purpose of this study, an a priori selection of variables, independently of the data distribution, was considered in two different analyses (Table S1 ; see Supporting Information). In the first analysis, we included demographics, patient history, clinical signs and symptoms, atopic diathesis, classification of hand eczema based on morphology (vesicular, hyperkeratotic, fingertip dermatitis) and aetiology (atopic hand eczema, irritant and allergic contact dermatitis), occupational status, occupation-and work-related variables, including exposure to allergens and irritants, severity and a quality-oflife index. A diagnosis of atopic skin diathesis was based on a score ≥ 10 using the Erlangen Atopy Score. 20, 21 The severity of hand eczema was assessed using the Physician's Global Assessment (PGA) score (clear, almost clear, mild, moderate and severe) supported by a validated photographic guide.
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Pruritus intensity was verbally obtained using a four-point scale (no, mild, moderate and strong). The patients' healthrelated quality of life was assessed based on the Dermatology Life Quality Index (DLQI) using the banding suggested by Hongbo et al. 23, 24 In the second analysis, we focused on hand eczema treatment during the past 12 months (topical and systemic therapy), occupational status, present occupation and aetiological and morphological features.
Statistical analysis
For descriptive purposes, data are presented as mean AE SD or numbers with percentages for continuous and categorical variables, respectively. Continuous variables were categorized, for analysis purposes, using clinically meaningful thresholds as cut-offs. Associations among selected variables in the CARPE registry were analysed by means of an autoassociative system, as described previously, [25] [26] [27] A mathematical filter, the maximum spanning tree, 28 is then applied to the matrix of weights and a semantic connectivity map is generated. This map represents the best connections among variables based on their maximal reciprocal adjusted correlation. Of note, the maximum spanning tree selects positive associations with normalized correlations between 0 and 1. The 95% confidence intervals and P-values for normalized correlations were computed as well. In the semantic map, hubs of variables are detected, and related dependent variables converge to these hubs. Adjustment by country was performed by combining, for every variable, regression coefficients in each stratum by means of fixed-or random-effect models. The choice of the model was automatically done based on an I 2 heterogeneity index > 56%. 29 The analysis was carried out using MATLAB v.7.8 (MathWorks, Natlick, MA, U.S.A.).
Results
Study population
There were data available for 1466 patients with chronic hand eczema (Switzerland: 199; Germany: 1267 patients) collected at 102 study centres. Detailed characteristics of both populations have been published elsewhere. 17, 18 In summary, the average age was 45Á7 AE 13Á8 years (40Á4 AE 14Á2 and 46Á5 AE 13Á6 in the Swiss and German registries, respectively) ( Table 1 ). The overall proportion of women was 53Á4% (50Á7% in Switzerland and 53Á8% in Germany). A total of 13Á9% of patients with chronic hand eczema were not in employment (reasons for this were not specified). Among patients who worked, most were employed in nursing and health care (17Á4%), as metal workers, electricians and mechanics (14Á6%) and in food and catering services (11Á1%). The mean disease duration was 7Á4 AE 8Á9 years. In total, 44Á6% of patients had an atopic skin diathesis. Most patients had moderate (47Á4%) or severe (21Á5%) hand eczema based on the PGA. The mean reported DLQI was 9Á5 AE 6Á1, with 39Á8% of patients reporting a very or extremely large effect of the disease on their quality of life (DLQI > 10).
Main impact from occupational exposure
The semantic connectivity map showed the best linking among the selected variables of the pooled CARPE registry data from Germany and Switzerland ( Fig. 1 , Tables S1 and S2; see Supporting Information). Exposure to environmental factors, in particular occupational exposures, appeared in the centre of the map indicating their large impact on chronic hand eczema. Here, we found two areas of interest. Area one, exposure to wetness, detergents, disinfectants and wearing gloves; and area two, exposure to solvents, chemicals, industrial oils, lubricants, refrigerants and mechanical stress. These exposure types were linked to corresponding occupations and sex. A quite clear demarcation between the sexes was seen with women associated with area one and men with area two. Linked occupations were health care, hairdressing, cleaning, food processing and catering for women; and construction, metal and chemical work for men. Chronic hand eczema in women was connected to severe disease conditions and sick leave from work. Furthermore, chronic hand eczema severity was strongly associated with moderate-to-severe pruritus, a continuous disease course and high DLQI scores. Interestingly, chronic hand eczema in women was connected to atopic predisposition and atopic hand eczema. The analysis showed a link between the occupation of hairdresser with exposure to preservatives, as well as age under 30 years and a duration of hand eczema of between 2 and 5 years. Strikingly, chronic hand eczema in workers in food handling jobs was strongly associated with ability to work and sick leave, but on the other hand with mild severity and pruritus.
In contrast, men reported no or small effects of the disease on their quality of life, and this was associated with minimal and moderate severity of hand eczema and with less than five episodes per year. In men, chronic hand eczema was associated with previous allergies and allergic contact dermatitis. Notably, OSDs were linked to male sex and industrial oil exposure, and showed a strong association with long duration of hand eczema (≥ 6 years) and job loss or change. Workers exposed to chemicals had associated chronic hand eczema of the palms. Other eczema locations were not strongly associated with sex, occupation or exposure. Considering body mass index (BMI), there seemed to be a link between a BMI > 30 kg m À2 , age over 50 years, fingertip dermatitis and hyperkeratotic eczema with additional involvement of the feet. Interestingly, when we varied and restricted the number of variables (Fig. 2, Table S3 ; see Supporting Information), we observed an association of irritant contact dermatitis with cleaning, food processing and healthcare work, whereas allergic contact dermatitis was connected with construction work, the chemical industry and hairdressing.
Stratifying by country revealed a similar association of environmental, in particular occupational, exposure in patients with chronic hand eczema with sex, disease severity, atopic predisposition and effects on DLQI. When analysing the Swiss registry data (Fig. S1 , Table S4 ; see Supporting Information), we noted a strong association between obesity (BMI > 30) and severe chronic hand eczema as well as with fingertip dermatitis, eczema localization on the forearms and intensive pruritus. Here, OSD was strongly associated with working with chemicals, allergic contact dermatitis and again job loss or change. The analysis of the German registry (Fig. S2 , Table S5 ; see Supporting Information) revealed that severe hand eczema and associated intense pruritus were linked to the diagnosis of hyperkeratotic eczema, as well as to OSDs and job loss or change. In addition, it clearly showed that chronic hand eczema in hairdressers was connected with multiple conditions including wearing gloves, wet work and preservative exposure, as well as interdigital eczema localization.
Corticosteroids as main therapy
Next, we explored the associations between treatments over the past 12 months, present occupation and subtypes of chronic hand eczema (Fig. 2, Table S3 ; see Supporting Information). In the centre of the map, we found both systemic and topical corticosteroids. Systemic corticosteroids were mainly used for the treatment of vesicular eczema and in patients with chronic hand eczema working in the metal industry. Moreover, the administration of systemic corticosteroids was connected with the use of potent and very potent topical corticosteroids. Working as a cleaner and the presence of irritant contact dermatitis were associated with the use of mild or moderate and potent topical corticosteroids. Hyperkeratotic eczema was preferably treated with very potent topical corticosteroids, salicylic acid and urea. Among chronic hand Data are n (%) unless otherwise indicated; numbers may not add up to the total as a result of missing or unknown data.
eczema subtypes, hyperkeratotic eczema was connected to second-line therapies such as alitretinoin, ultraviolet (UV) therapy including psoralen-ultraviolet A (PUVA) and topical calcineurin inhibitors. When we stratified the data by countries, we observed slightly different association patterns in the German and Swiss registries. In the Swiss registry (Fig. S3, Table S6 ; see Supporting Information) the distribution was similar to the overall map. Systemic corticosteroids appearing in the centre were associated with topical corticosteroid therapy, but also with vesicular eczema, work in health care and the chemical industry. Whereas, the German registry data (Fig. S4, Table S7 ; see Supporting Information) indicated salicylic acid as the main topical therapy for hyperkeratotic eczema together with other treatment options including potent and very potent corticosteroids, alitretinoin and PUVA therapy.
Discussion
Here, we provide a semantic connectivity map that presents the best connections among variables for chronic hand eczema obtained from registries in Germany and Switzerland. It should be noted that the data are for more severe cases of hand eczema as patients with a chronic and/or recurrent disease, recent therapy with topical corticosteroids and a failure to achieve long-term improvement despite adequate topical therapies were enrolled. Previous studies mainly evaluated the impact of specific variables on chronic hand eczema and often in selected groups of individuals. In comparison with conventional statistical analyses, our study had the advantage of displaying multiple data and associations on one map, thus providing a comprehensive view of chronic hand eczema. Different exposure areas and interesting novel associations between variables emerged from this analysis. Of note, these associations were found from exploratory cross-sectional analysis and do not necessarily indicate a causal relationship.
A striking result of the semantic map analysis was the clear demarcation between the sexes and subordinated associations with occupations, exposure, hand eczema aetiology, severity and quality of life. Population-based studies have reported a higher prevalence of hand eczema in female patients than male patients. 1, [30] [31] [32] [33] [34] This female predominance is evident in cohorts of adolescents and young adults in which the prevalence of hand eczema was twice as high in female compared with male patients; [35] [36] [37] whereas, sex was not related to prognosis in hand eczema in a follow-up study. 38 However, applying innovative statistical methods, our study indicates that sex may be an important factor in discriminating between different patterns of disease characteristics. Previously, sex differences in hand eczema prevalence have been attributed to exposure, both occupational and nonoccupational ones. 39, 40 In our semantic map, environmental, in particular occupational, exposures were placed in the centre suggesting a large impact on chronic hand eczema. A previous study stated hand eczema was more common among people reporting occupational exposure to chemicals, water, detergents, dust and dry dirt. 39 Our study shows that wet work and exposure to detergents and disinfectants, and wearing gloves, were associated with working in health care, cleaning, food processing or as hairdressers/beauticians and thus with the female sex. A recent study demonstrated that occupational water exposure was almost twice as high in women than in men, and significantly higher in high-risk occupations in the service industry and health care, in particular kitchen work, restaurant work, cleaning and hairdressing, as compared with non-high-risk occupations. 41 In those people working in health care, individuals with hand dermatitis were more likely to wash hands frequently and wear gloves for more hours per day. 42 Based on the aetiopathology, most hand eczema cases have been classified as irritant or allergic contact dermatitis or as a combination of both. 4, 13, 16 Atopic diseases and childhood eczema have been identified as risk factors for the prevalence, persistence and severity of hand eczema. 6, 30, 36, [43] [44] [45] [46] In the semantic map, an atopic predisposition and the diagnosis of atopic hand eczema were associated with female sex and connected to disease severity confirming previous observations. 47 Interestingly, this association was not observed in our previous multivariable analysis. 18 Notably, the exposure to industrial oils, lubricants, solvents and corresponding, mainly male-dominated occupations, were linked to allergic contact dermatitis in our study cohorts. These observations were in agreement with others reporting a lower rate of atopy but high rates of contact allergy in occupations with low-entry qualifications. 10, 48 Allergic contact sensitization has been identified as a risk factor for more severe and prolonged hand eczema, 30, 44 whereas others have not found any correlation. 45 Recently, a strong, positive association between loss-of-function mutations of filaggrin, an epidermal barrier protein and the presence of contact dermatitis was found in construction workers 49 supporting our observation that construction work was linked to irritant contact dermatitis on our map. In line with previous publications on the lack of clear associations between morphology and aetiopathological subtypes of hand eczema, 4, 6, 13 we found areas of clinical subtypes and localization that were not linked to aetiological parameters. When the number of parameters for the semantic map analysis was reduced, the disconnectedness of aetiological subtypes and morphological characteristics became even more obvious. According to our semantic map, hyperkeratotic eczema was more common among males and linked to age and BMI, supporting recent observations. 47 Both Swiss and German registry analyses indicated high rates of workers on sick leave (> 35%) during the past 12 months, in particular in high-risk occupations. 17, 18 According to the semantic map, sick leave was associated with hand eczema severity, female sex and working with food, confirming recent observations. 38, 46, 50 In addition to sick leave, job change or loss have been considered major consequences of hand eczema in particular occupational hand eczema. 38, 45, 50 Our map clearly shows a link between job loss or change with persistent hand eczema as well as OSDs, occupational exposure and male sex, and thus provides additional information to that derived from conventional data analysis. 17, 18 Hand eczema has been shown to have immense negative effects on patients' quality of life. [17] [18] [19] 38 In the Swiss cohort, female sex, pruritus and wearing gloves were the main factors contributing to a diminished quality of life. 18 Recent studies reported similar or higher DLQI scores in women despite the fact that they were less severely affected than men. 19, 34, 51 In contrast, our map demonstrated complex associations between severe chronic hand eczema and moderate-to-severe pruritus and continuous disease course that are related to elevated DLQI scores, which are further linked to sick leave and female sex. A stepwise approach has been proposed for the management of hand eczema in national and international guidelines. 2, [52] [53] [54] The analyses of the CARPE registry data show a broad spectrum of therapeutic measures were applied, but we did not rank them. 17, 18 Topical corticosteroids have been recommended as a first-line therapy, and systemic corticosteroids should only be used as a short-term intervention in cases of acute severe exacerbations. Therefore, the link between systemic corticosteroids and vesicular hand eczema subtypes may indicate that these patients with chronic hand eczema required very potent therapy. Secondline therapies such as PUVA-UV therapy and alitretinoin were mainly used for hyperkeratotic eczema and fingertip dermatitis. Indeed, alitretinoin has been found to have the highest response rate in patients with hyperkeratotic hand eczema and fingertip dermatitis. 55 The links between therapeutic measures and hand eczema subtypes suggest that type of treatment was selected based on morphology rather than aetiology or exposure. The strength of our study is that, by applying semantic connectivity analysis, we were able to synthesize and display association patterns of a huge number of variables obtained from the CARPE registries in Germany and Switzerland. Some of the featured associations could confirm previous observations. The limitation of the study is that the method applied is entirely exploratory. This study did not focus on showing correlations between variables by applying conventional statistical methods. Therefore, patterns emerging from the semantic maps that have not been demonstrated previously warrant further research, for example to study the impact of atopy on aetiological subtypes of hand eczema, or to develop differential therapeutic regimens for subtypes of hand eczema.
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